Germline mutations in the CDH1 gene that produces E-cadherin have been implicated in the development of early-onset diffuse gastric cancer, termed hereditary diffuse gastric cancer. The mean age of gastric cancer diagnosis in affected individuals is 37 years. By age 80, CDH1 mutation carriers who fulfill the clinical criteria for hereditary diffuse gastric cancer have an estimated lifetime risk of gastric cancer development of 67% for men and 83% for women. Data suggest that endoscopic surveillance for mutation carriers is largely ineffective. Prophylactic total gastrectomy between the ages of 18 and 40 years is recommended in carriers of germlinetruncating E-cadherin mutations.
INTRODUCTION
Gastric cancer is the fifth most common type of cancer diagnosed worldwide and represents the third most common cause of cancer death. 1 The vast majority of gastric cancers are considered to be sporadic and are associated with various environmental factors, but 1-3% are associated with genetically inherited syndromes. 2, 3 Hereditary diffuse gastric cancer (HDGC) is an autosomal dominant syndrome characterized by the development of diffuse type gastric cancer. It is defined clinically by 2 or more familial cases of diffuse gastric cancer, with at least one diagnosed at <50 years; 3 or more cases of documented diffuse gastric cancer in first-or second-degree relatives independent of age of onset; diffuse gastric cancer diagnosed at <40 years; and a personal or family history of diffuse gastric cancer and lobular breast cancer with one diagnosed at <50 years. 4 Germline mutations in the CDH1 gene that produces E-cadherin gene account for 25-50% of cases of HDGC. 3, 5, 6 While endoscopic surveillance is proven beneficial in many types of cancer, upper endoscopy with mucosal biopsies in CDH1 mutation carriers frequently renders false negative results. [7] [8] [9] This is largely due to the highly focal nature of HDGC and may lead to a false sense of security in affected patients. Due to the difficulty of diagnosing early disease and the lack of sensitive surveillance methods, prophylactic total gastrectomy is advised before age 40 in CDH1-positive patients fulfilling criteria for HDGC. 10, 11 Published data from >100 prophylactic gastrectomies reveal that nearly all pathologic specimens exhibit tiny foci of signet ring cell carcinoma or in situ signet ring cells, starkly contrasting the usually normal appearance of the gross specimens. 2 
CASE REPORT
A 37-year-old female presented for a third opinion regarding a recently diagnosed CDH1 germline mutation. She was previously seen by two local gastroenterologists near her hometown, one of whom recommended upper endoscopy with biopsies every 3 months while the other recommended undergoing a total gastrectomy. The patient reported a significant family history of both gastric and breast cancer, which prompted genetic testing and led to subsequent diagnosis of a positive CDH1 germline mutation. Two first cousins were diagnosed with gastric cancer, the earliest of which was identified at 22 years of age. Upper endoscopy was performed 2 months prior to presentation at our facility, revealing normal-appearing gastric mucosa with no evidence of malignancy on multiple biopsy specimens. Additionally, the patient complained of a 4-month history of epigastric abdominal pain, 5-kg weight loss, and anorexia. After the patient was seen for genetic counseling, repeat upper endoscopy and upper endoscopic ultrasound were performed to screen and evaluate for pathologic lymphadenopathy or gastric wall thickening, respectively.
The gastric mucosa appeared grossly normal on upper endoscopy, and biopsies showed normal gastric mucosa, without evidence of malignancy. Upper endoscopic ultrasound demonstrated a normal appearance to the gastric wall, with no pathologic thickening or identifiable lymphadenopathy. The patient's case was presented before a multidisciplinary panel, and the recommendation for a total prophylactic gastrectomy was made. Open total gastrectomy was performed, with proximal and distal margins verified by pathology. Grossly, the specimen was unremarkable, with no nodules or focal lesions identified. The gastric mucosa was blocked and mapped, and representative sections were submitted for microscopic evaluation. A single focus of intraepithelial signet ring change was found in the deep gastric pits, demonstrating pagetoid migration along the basement membrane beneath benign overlying glandular epithelium, representing in situ carcinoma ( Figure 1 ). This focus of in situ carcinoma measured 0.3 mm in its greatest dimension by slide measurement. No lamina propria invasion was identified in this focus, and no in situ or invasive carcinoma was otherwise identified in the entirety of sections examined. Six lymph nodes were submitted in the surgical specimen, all of which were negative for carcinoma. The patient tolerated the operation well, but did complain of intermittent nausea at 60-day follow-up.
DISCUSSION
E-cadherin is a transmembrane glycoprotein encoded by the CDH1 gene that functions as a tumor suppressor, and is intricately involved in modulation of cellular proliferation, survival, invasion, and migration. Downregulation leads to aberrant function of gastric epithelial cells, contributing to gastric cancer development. 12 In addition to gastric cancer, CHD1 mutation positivity confers an increased risk of breast and colon cancer development. An estimated 60% of CDH1 mutation-positive women will develop lobular breast cancer. 3 Annual mammography, breast magnetic resonance imaging, and clinical breast examination should be conducted beginning at age 35. 13 Evidence of increased risk of signet ring cell colon cancer exists, but exact risk estimates are not well defined.
14 Colon cancer screening beginning at age 40 should be considered in families with individuals affected by colon cancer. 13 Early HDGC detection in CDH1 mutation carriers is severely limited, given its lack of symptomatology, microscopic foci of signet ring cells, and endoscopically undetectable disease. 3 While our patient presented with symptoms that can be seen in diffuse gastric cancer, in situ carcinoma is unlikely to produce symptomatic disease. Her gastrointestinal symptoms are more plausibly attributed to the psychological burden of her mutation status, in concert with a significant family history of early disease onset. Those who develop symptomatic invasive diffuse carcinoma have an exceedingly poor prognosis, with only 10% expected to have curable disease. 15 A comprehensive endoscopic surveillance protocol for individuals with HDGC was devised by a multidisciplinary, multinational workshop in 2010, but this is recommended only for those refusing gastrectomy or with a prohibitive physical or psychological comorbidity. 2 As in the case presented here, microscopic analysis of gastrectomy specimens indicates that tiny foci of signet ring cells are nearly always present in CDH1 mutation carriers. Therefore, total prophylactic gastrectomy, performed between the ages of 18 and 40 at a high-volume cancer center with low perioperative mortality rates, is advised in CDH1 mutation carriers fulfilling the clinical criteria for HDGC. 
